The coupling of bromothiophenes with terminal alkynes using triethylamine or diisopropyl amine under Sonogashira conditions (PdCl 2 (PPh 3 ) 2 , CuI) followed by subsequent addition of amines or ammonium to the intermediate thienyl acetylenes represents a novel access to a wide range of thieno[3,2-b]-, [2,3-c]-, and [3,2-c]pyridones under basic conditions and in excellent yields.
Introduction
Functionalized quinolines are very attractive targets for combinatorial library synthesis due to their wide range of valuable biological activities. 1 Many natural and synthetic quinolines have occupied an important place in drug research. At the same time, a very special position among all drugs containing a quinoline core is occupied by the fluoroquinolones. The latter constitute a major class of antibacterial chemotherapeutic agents, which have a broad spectrum against Gram positive and Gram negative bacteria. 2 The five representatives depicted in Fig. 1 which were the first two quinolones marketed for human use. 
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Tetrahedron j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / t e t Since 1986, more than twenty fluoroquinolones have been approved and most of them remain on the market. 2b The biological importance of quinolones has led to a considerable amount of synthetic work in the field of this heterocyclic system 5 ( Fig. 1 ).
Continuing our research on the efficient synthesis of drug-like heteroannulated pyridines, 6 of the six theoretically possible parent thienopyridine compounds, we sought to prepare thieno [3,2-b] -, [2,3-c]-, and [3,2-c] pyridines with the concept of replacing the benzene ring of the quinoline nucleus by thiophene, a known bioisostere in other fields of medicinal chemistry (Fig. 2) . Earlier, synthesis of several 4-oxothieno[2,3-b] pyridine-5-carboxylic acids V, potential bioisosteres of quinolone antibacterials that exhibited good level of activity against Gram negative and Gram positive bacterial strains, has been reported. 7 Compounds VI have the ability to penetrate cells and selectively inhibit the surface expression of the cell adhesion molecules ICAM-1 and E-selectin in human endothelial cells, 8 while the 7-oxothieno [3,2-b] pyridine-6-carboxamides VII, a new class of non-nucleoside antivirals, possess remarkable potency versus a broad spectrum of herpesvirus DNA polymerases and excellent selectivity compared to human DNA polymerases 9 ( Fig. 2 ).
Given the broad utility of thienopyridines in medicinal chemistry, we were interested in developing novel approaches, commencing with bromothiophenes-based substrates, which would allow access to these interesting heterocyclic compounds. There are several different synthetic procedures leading to thienopyridines, 10 some of them use 2-and 3-aminothiophenes salts as key intermediates in the reactions with 1,3-dicarbonyls and ethoxymethylene derivatives of various active methylene compounds (GouldeJacobs reaction).
10gem Though some of the known methods of preparation of thienopyridines seem to be satisfactory, new routes starting from different materials are desirable for efficient structure modifications of these molecules. In this paper we detail the successful realization of our goal with an efficient synthesis of diverse thieno [3,2-b] -, [2,3-c]-, and [3,2-c] pyridones by the coupling of bromothiophenes with terminal alkynes under Sonogashira conditions followed by subsequent [5þ1]-cyclization of the intermediate thienyl acetylenes with a set of aromatic and aliphatic amines or ammonium.
Results and discussion
Based on the retrosynthetic analysis and on previous experience of Iaroshenko's group related to the development of new coupling reactions of alkynyl thiophenes 11 and alkynyl pyridines, 12 we envisaged that 1-(3-bromothiophen-2-yl)-3-arylprop-2-yn-1-ones 1 are suitable substrates for the synthesis of thieno [3,2-b] pyridin-7-one derivatives 3. The requisite starting material, 3-bromothiophene-2-carbonyl chloride, was prepared by the deaminative bromination of commercially available methyl 3-aminothiophene-2-carboxylate with tert-butyl nitrite and CuBr 2 in acetonitrile, 13 followed by alkaline hydrolysis and subsequent treatment with thionyl chloride according to the described procedures (see the Experimental part). The preparation of ynones 1 was carried out by Sonogashira cross-coupling reaction 14 of 3-bromothiophene-2-carbonyl chloride with terminal aryl acetylenes using PdCl 2 (PPh 3 ) 2 and CuI in the presence of triethylamine in THF to give ketones 1aed in high yields (70e77%). Then we examined the reactions of these ketones with a range of commercially available aromatic and aliphatic amines. After the optimization of the reaction conditions with regard to the type of catalyst and solvent, we have found that the use of Pd 2 (dba) 3 (5 mol %), BINAP (10 mol %), 1.4 equiv of Cs 2 CO 3 as a base, and toluene as a solvent (110 C, 10e12 h, argon) was essential to get excellent yields (70e92%) of 4,5-disubstituted thieno [3,2-b] pyridones 3aez. This is a palladium-catalyzed tandem reaction consisting of a sequential double CeN bond formation to give thieno [3,2-b] pyridones 3 from thienyl acetylenic ketones 1 and primary amines via intermediates 2, from which compound 2h was isolated in 66% yield when the reaction was run for the short time (5 h) (Scheme 1). The progress of the reaction was monitored by TLC, and the results are summarized in Table 1 . It is important that a wide range of aromatic and aliphatic amines can effectively participate in the reaction with acetylenic ketones 1aed, providing a variety of thieno [3,2-b] pyridones 3 with high purity after column chromatography. It can be observed that the process tolerates both electron-donating (alkyl, alkoxy, diethylamino) and electron-withdrawing (halogeno, nitro) substituents on the aromatic amines. The structures of all products 3 were characterized by IR, 1 H, 13 C NMR spectral data as well as HRMS analysis. Finally the structures of the representatives 3a and 3m were corroborated by X-ray single crystal analysis (Figs. 3 and 4) . Next, we have obtained a series of thieno[2,3-c]pyridones 6 by Sonogashira coupling of methyl 3-bromothiophene-2-carboxylate with various terminal aryl and alkyl alkynes followed by a basemediated intramolecular CeN bond-forming reaction (Scheme 2). It was found that treatment of methyl 3-bromothiophene-2-carboxylate with the corresponding alkyne in a pressure tube under argon at 70 C in the presence of PdCl 2 (PPh 3 ) 2 (5 mol %) and CuI (3 mol %) in diisopropyl amine resulted in the formation of thienyl alkynes 4aej in good to high yields (50e75%). In most cases, the reaction was complete after 2 h and the products were purified by silica gel column chromatography. As can be seen from Table 2 , this coupling reaction has virtually no limitations as regards the nature of the terminus of the alkynyl moiety. Although the chemistry of thiophenes has been well documented, 15 compounds 4 are hitherto unreported. Reaction of alkynes 4aej with aqueous ammonia at heating for 10e12 h in a pressure tube produced amides 5aej in 80e90% yields. These compounds were reacted with MeONa in methanol at reflux to form thieno[2, 3-c] pyridones 6aej in 70e77% yields by intramolecular cyclization reaction ( Table 2 ). The structures of compounds 5c and 6d were confirmed by X-ray single crystal analysis (Figs. 5 and 6) . 2-Bromo- 4,5,6,7-tetrahydrobenzo[b] thiophene-3-carbonitrile, the starting material for the synthesis of thieno [3,2-c] pyridones 9,  was obtained by the deaminative bromination of commercially  available  2 -amino-4,5,6,7-tetrahydrobenzo[b] thiophene-3-carbonitrile, following the recently described method, 13 in 74%
yield. The requisite thieno [3,2-c] pyridones 9aee can be easily prepared by the palladium/copper-catalyzed Sonogashira coupling of the corresponding aryl alkynes with 2-bromo- 4,5,6,7-tetrahydrobenzo[b] thiophene-3-carbonitrile, followed by hydrolysis of the cyano group of the resultant alkynes 7aeg under the action of TFAeH 2 SO 4 system to amides 8aeg and their intramolecular cyclization with MeONa. The introduction of substituents on the aryl group has little effect on the yields of these reactions (Scheme 3, Table 3 ). These results clearly show that the present reactions could be applicable to various types of thienyl alkynes, providing a simple and efficient route to the synthesis of a wide range of the thienopyridine derivatives, which are of interest as biologically active compounds. The structures of all the compounds were deduced from their spectral studies (IR, 1 H, 13 C NMR, and MS); the most of them mass spectra displayed molecular ion peaks at the appropriate m/z values.
Conclusion
In conclusion, we have developed an efficient synthesis libraries of thieno [3,2-b] -, [2,3-c]-, and [3,2-c] pyridine scaffolds on the basis of thienyl acetylenes, which were prepared by Sonogashira crosscoupling reaction. This methodology is a valuable addition to fused pyridine synthesis and represent a novel and general route to various thienopyridones, which constitute an important structural subunit of a variety of biologically active compounds.
Crystallographic data
Crystallographic data (excluding structure factors) for the structure 3a, 3m, 5c, 6d, reported in this 5.1.1. General procedure for the synthesis of 1-(3-bromothiophen-2-yl)-3-arylprop-2-yn-1-ones (1) . A mixture of 3-bromothiophene-2-carbonyl chloride (0.225 g, 1.0 mmol), PdCl 2 (PPh 3 ) 2 (2 mol %), and Et 3 N (1.0 mmol) was stirred in anhydrous THF for 10 min under argon at room temperature. CuI (4 mol %) was added and the reaction mixture was stirred for another 10 min before aryl acetylene (1.0 mmol) was added. After 2 h at room temperature the reaction mixture was diluted with EtOAc and washed with 0.1 N HCl (2Â10 ml) and saturated NH 4 Cl solution (10 ml). The organic phase was separated, dried (Na 2 SO 4 ), filtered, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography.
5.1.2. General procedure for the synthesis of thieno [3,2-b] pyridones (3) . To the ynone 1 (0.5 mmol), Cs 2 CO 3 (0.7 mmol), Pd 2 (dba) 3 (5 mol %), and BINAP (10 mol %) under argon was added toluene (10 ml) followed by arylamine/alkylamine (0.6 mmol), and the reaction was stirred at 110 C for 10e12 h. After cooling to room temperature, the reaction mixture was preabsorbed onto silica gel and purified by column chromatography.
5.1.3. General procedure for the synthesis of esters (4) . A mixture of methyl 3-bromothiophene-2-carboxylate (0.221 g, 1.0 mmol), aryl/ alkyl acetylene (1.1 equiv), PdCl 2 (PPh 3 ) 2 (5 mol %), CuI (3 mol %), and diisopropyl amine (DIPA) (5 ml) were added to a pressure tube under argon and then heated for 2 h at 70 C. After cooling, water and ethyl acetate were added and the phases were separated. The aqueous phase was then extracted with ethyl acetate (3Â10 ml). The combined organic layers were dried (Na 2 SO 4 ), filtered, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography.
5.1.4. General procedure for the synthesis of 3-(aryl/alkylethynyl) thiophene-2-carboxamides (5) . An ethanol solution (10 ml) of the corresponding compound 4 (0.1 g) was saturated with aqueous ammonia and heated for 10e12 h in a pressure tube at 70 C. After completion of the reaction, solvent was removed under reduced pressure and the residue was purified with silica gel column chromatography.
5.1.5. General procedure for the synthesis of thienopyridones (6) . To the methanol solution of the corresponding amide 5 (0.1 g), was added NaOMe (0.15 g) and was refluxed for 3e4 h. After completion of the reaction, methanol was removed under reduced pressure and the residue was diluted with water. The precipitate so formed was filtered, dried, and recrystallized from MeOH.
5.1.6. General procedure for the synthesis of methyl 3-(aryl/alkylethynyl)thiophene-2-carboxylates (4) and 2-(arylethynyl) -4,5,6,7-tetrahydrobenzo[b] thiophene-3-carbonitriles (7). A mixture of methyl 3-bromothiophene-2-carboxylate or 2-bromo-4,5,6,7-tetrahydrobenzo [b] thiophene-3-carbonitrile (1.0 mmol), aryl/alkyl acetylene (1.1 equiv), PdCl 2 (PPh 3 ) 2 (5 mol %), CuI (3 mol %), and diisopropyl amine (DIPA) (5 ml) were added to a pressure tube under argon and then heated for 2 h at 70 C. After cooling, water and ethyl acetate were added and the phases were separated. The aqueous phase was then extracted with ethyl acetate (3Â10 ml). The combined organic layers were dried (Na 2 SO 4 ), filtered, and the filtrate was concentrated in vacuo. The residue was purified by column chromatography.
5.1.7. General procedure for the synthesis of 2-(arylethynyl) -4,5,6,7-tetrahydrobenzo[b] thiophene-3-carboxamides (8) . A solution of the corresponding nitrile 7 (0.15 g) in 7.0 ml of TFAeH 2 SO 4 (4:1, v/v) mixture was heated at reflux (75 C). The progress of the reaction was monitored by TLC analysis. After completion of the reaction (5 h), the reaction mixture was poured into ice-cold water. The product thus precipitated out was filtered, washed with water, and dried.
5.1.8. General procedure for the synthesis of 5-aryl/alkylthieno[2, 3-c] pyridin-7(6H)-ones (6) and 3-aryl-6,7,8,9-tetrahydro[1] benzothieno [3,2-c] pyridin-1(2H)-ones (9) . To the methanol solution of the corresponding amide 5 or 8 (0.1 g), was added NaOMe (0.15 g) and was refluxed for 3e4 h. After completion of the reaction, methanol was removed under reduced pressure and the residue was diluted with water. The precipitate so formed was filtered, dried, and recrystallized from MeOH.
6. Analytical data 3, 94.0, 116.4, 119.9, 128.7, 131.0, 133.0, 133.6, 134.0, 137.9, 168.2 
Br, 52), 264 (100), 183 (3), 139 (52), 129 (64), 101 (9), 91 (7), 82 (7) 
Yellow oil, yield 75%. 4, 87.4, 95.4, 111.7, 114.4, 115.9, 132.7, 133.2, 133.4, 133.8, 161.9, 165.1; GCeMS (EI, 70 eV 
Br, 99), 294 (58), 277 (68), 251 (16) 1, 98.0, 110.3, 121.0, 126.1, 128.3, 128.4, 129.3, 129.8, 133.0, 135.6, 138.3, 138.8, 140.6, 162.1, 180.8 
4,5-Diphenylthieno[3,2-b]pyridin-7(4H)-one (3a)
Yellow solid, yield 78%, mp 233e235 C. 4, 118.9, 128.0, 128.3, 128.6, 128.7, 129.0, 129.4, 129.5, 131.4, 134.6, 140.1, 146.5, 151.7, 173.8; GCeMS (EI, 70 eV 4, 119.0, 128.0, 128.2, 128.5, 128.7, 129.3, 130.1, 131.3, 134.7, 137.5, 139.0, 146.7, 151.8, 173.8; GCeMS (EI, 70 eV 6.9. 4-(4-Ethylphenyl)-5-phenylthieno [3,2-b] 4, 113.4, 114.5, 119.0, 128.0, 128.5, 128.7, 129.4, 129.6, 131.3, 132.8, 134.8, 147.0, 152.0, 159.4, 173.8; GCeMS (EI, 70 eV (14), 290 (10), 260 (4), 216 (6), 188 (9), 160 (8), 134 (4) 6, 62.7, 112.3, 113.9, 118.0, 127.0, 127.4, 127.6, 128.3, 128.5, 130.3, 131.6, 133.7, 146.0, 151.0, 157.9, 172.8 ; 4, 55.5, 99.2, 104.6, 113.0, 118.9, 121.9, 127.7, 128.3, 128.7, 130.1, 131.2, 134.9, 147.1, 152.9, 155.5, 161.3, 171 4, thieno [3,2-b] 4, 61.0, 106.3, 113.3, 119.0, 128.0, 128.5, 128.9, 129.0, 131.5, 134.8, 135.4, 138.3, 146.4, 151.7, 153.4, 173.6; GCeMS (EI, 70 3, 43.3, 110.3, 112.2, 118.4, 126.8, 126.9, 127.4, 127.7, 128.0, 128.4, 130.0, 134.1, 146.5, 146.6, 151.4, 172.8; GCeMS (EI, 70 thieno [3,2-b] 6, 118.6, 122.7, 127.4, 128.2, 128.6, 129.0, 129.3, 130.7, 131.7, 131.8, 132.2, 134.2, 141.1, 146.0, 151.4, 173.7 118.0, 124.8, 128.5, 128.7, 128.9, 129.3, 129.4, 129.9, 132.4, 133.9, 145.4, 147.3, 151.0, 173.6; GCeMS (EI, 70 5, 113.7, 118.0, 125.4, 128.5, 128.6, 129.6, 129.7, 129.9, 132.0, 132.9, 134.4, 137.6, 145.5, 152.6, 173.6 1, 111.6, 112.8, 113.7, 117.7, 117.9, 128.5, 128.7, 129.6, 129.8, 130.1, 132.0, 134.3, 137.6, 145.5, 152.5, 160.0, 173.5; GCeMS (EI, 70 eV 
4-(4-Ethoxyphenyl
)-5-phenylthieno[3,2-b]pyridin- 7(4H)-one (3e)GCeMS (EI, 70 eV): m/z (%)¼347 (M þ ,): m/z (%)¼347 (M þ , 71), 198(3
4-Heptyl-5-phenylthieno[3,2-b]pyridin-7(4H)-one (3q)
Yellow gel, yield 89%. 
4-(4-Fluorophenyl)-5-p-tolylthieno[3,2-b]pyridin-7(4H)-one (3s)
Yellow solid, yield 85%, mp 215e217 C. 1 [3,2-b] 
4-(4-Chlorophenyl)-5-p-tolylthieno

4-(3-Fluorophenyl)-5-(4-propylphenyl)thieno[3,2-b]pyridin-7(4H)-one (3v)
Yellow solid, yield 81%, mp 138e140 C. 1 113.7, 118.2, 127.4, 128.5, 128.8, 129.1, 129.3, 131.1, 132.0, 135.7, 141.8, 144.1, 145.6, 151.4, 173.8; GCeMS (EI, 70 6.30. 5-(4-Methoxyphenyl)-4-p-tolylthieno [3,2-b] 1, 113.3, 113.4, 119.0, 127.0, 128.2, 128.4, 130.1, 130.7, 131.1, 137.7, 138.9, 146.7, 151.7, 159.6, 173.8; GCeMS (EI, 70 eV) : m/z (%)¼347 (M þ , 100), 332 (3), 319 (18), 304 (13), 260 (5), 214 (7), 186 (8), 152 (3), 130 (4) 
4-(4-Ethylphenyl)-5-(4-methoxyphenyl)thieno[3,2-b] pyridin-7(4H)-one (3y)
Yellow gel, yield 79%. 1, 28.3, 55.1, 113.3, 113.4, 119.1, 127.0, 128.3, 128.4, 128.8, 130.7, 131.1, 137.8, 145.1, 146.7, 151.7, 159.6, 173.8; GCeMS (EI, 70 d¼55.2, 113.5, 113.6, 118.6, 126.6, 128.6, 129.8, 129.9, 130.7, 131.5, 134.8, 138.8, 146.2, 151.4, 159.8, 173.8; GCeMS (EI, 70 
Methyl 3-(phenylethynyl)thiophene-2-carboxylate (4a)
Yellow oil, yield 0.175 g, 72%. d¼51. 1, 82.9, 94.2, 121.8, 126.3, 127.3, 127.7, 129.4, 130.8, 131.0, 132.3, 160.8; GCeMS (EI, 70 1, 82.3, 94.6, 118.8, 126.6, 128.1, 129.3, 130.7, 131.0, 132.0, 137.9, 160.8; GCeMS (EI, 70 eV) : m/z (%)¼256 (M þ , 100), 241 (79), 225 (27), 213 (28), 197 (6) , 185 (9), 169 (5) 
Methyl 3-(o-tolylethynyl)thiophene-2-carboxylate (4c)
Yellow oil, yield 0.175 g, 68%. 6, 94.3, 122.6, 125.5, 127.4, 128.8, 129.5, 130.4, 131.3, 132.3, 132.9, 140.6, 161.8 23.2, 36.9, 51.1, 82.3, 94.6, 119.0, 127.5, 129.3, 130.2, 130.7, 131.0, 131.9, 142.7, 160.8; GCeMS (EI, 70 1, 34.8, 83.3, 95.5, 117.1, 119.8, 125.3, 127.2, 131.5, 132.1, 133.1, 133.5, 152.0, 161.9; GCeMS (EI, 70 6.38. 9, 95.6, 114.0, 114.9, 127.8, 130.4, 131.9, 132.6, 133.3, 160.0, 161.9 ; GCeMS (EI, 70 eV): m/z (%)¼272 (M þ , 100), 257 (68), 241 (14), 229 (12) , 214 (9) 3, 121.3, 121.5, 128.6, 129.4, 129.9, 131.6, 131.7, 140.4, 163.1; GCeMS (EI, 70 eV) : 6, 82.7, 96.7, 110.0, 118.4, 121.6, 129.4, 129.9, 131.5, 131.7, 139.9, 163.3; GCeMS (EI, 70 86.9, 95.4, 121.3, 121.6, 125.9, 129.5, 129.8, 130.0, 131.8, 132.1, 140.0, 140.2, 163.0; GCeMS (EI, 70 eV) : 12), 224 (100), 212 (33), 195 (28), 184 (5), 171 (6), 152 (26), 136 (12) , 112 (7), 98 (6) 24.2, 37.9, 82.7, 96.6, 118.6, 121.6, 128.8, 129.9, 131.5, 131.6, 140.1, 144.6, 162.9; GCeMS (EI, 70 9, 81.7, 95.6, 117.4, 120.5, 124.6, 128.8, 130.3, 130.6, 139.2, 152.0, 162.1; GCeMS (EI, 70 eV) : m/z (%)¼283 (M þ , 52), 268 (100), 251 (9), 240 (5) 3, 82.2, 96.6, 113.5, 114.3, 121.7, 129.9, 131.6, 133.1, 134.5, 160.5, 163.0 6, 21.5, 21.9, 75.5, 98.4, 122.3, 129.4, 131.9, 139.6, 163.6; GCeMS (EI, 70 d¼13. 5, 19.2, 22.0, 30.4, 98.5, 122.3, 129.6, 131.9, 139.6, 163.5 d¼12. 9, 18.5, 21.1, 27.0, 28.6, 30.1, 74.3, 97.5, 121.2, 128.6, 130.9, 138.6, 162.5; GCeMS (EI, 70 eV) : 6, 123.6, 125.3, 127.3, 128.2, 128.5, 132.9, 133.1, 140.6, 146.0, 159.0; GCeMS (EI, 70 6, 104.0, 124.5, 126.2, 129.3, 129.6, 130.9, 134.1, 134.3, 136.0, 141.4, 146.8, 159 8, 24.3, 37.7, 101.2, 124.6, 126.2, 127.9, 129.3, 131.4, 133.9, 141.8, 144.5, 147 34.8, 101.3, 124.7, 125.9, 126.3, 131.1, 131.3, 134.0, 141.5, 147.2, 153.0, 159.9; GCeMS (EI, 70 4, 114.8, 124.6, 126.2, 127.5, 134.5, 141.3, 141.5, 147.6, 159.6, 160.9; GCeMS (EI, 70 9, 22.3, 28.4, 31.1, 33.2, 101.4, 124.1, 133.4, 133.7, 144.3, 147.4, 160.9; GCeMS (EI, 70 d¼20. 8, 21.8, 23.4, 23.9, 79.0, 98.6, 113.2, 113.4, 120.9, 127.4, 128.2, 128.4, 130.6, 135.3, 137.7; GCeMS (EI, 70 
